The composition of the essential oil obtained by hydrodistillation from the aerial parts of Satureja kitaibelii from Rtanj mountain (Serbia), collected during three years, was studied. Thirty-nine components were identified in each sample of S. kitaibelii essential oil, representing about 87% of the oils. p-Cymene was the most dominant compound in all three oils (27.9%, 14.7% and 24.4%, respectively). The simple formulation of a lozenge with 0.2% of S. kitaibelii essential oil was prepared and the antimicrobial activity of the essential oil and the lozenge with essential oil was tested using a broth microdilution assay. Both essential oil and lozenge possessed strong antimicrobial activity with MIC values of 0.10-25 μg/mL, and 0.97-15.6 mg/mL, respectively.
The genus Satureja L. (Lamiaceae) consists of over 30 species distributed in the eastern Mediterranean region. S. kitaibelii Wierzb. ex Heuff. is an annual, semi-bushy aromatic plant growing on arid, sunny and limestone habitats of eastern Serbia. This species is morphologicaly, chorologicaly and chemically clearly separated from the related S. montana [1, 2] .
Analyses of the content and composition of the essential oils from several Satureja species have been reported. p-Cymene was a dominant compound of S. kitaibelii essential oil [2] [3] [4] [5] 7] . The related S. montana from Slovenia had as its major essential oil components carvacrol and p-cymene [8] . Geraniol and β-elemene were the most abundant components in four oils isolated from S. kitaibelii collected in Serbia [3] [4] [5] [6] , while limonene predominated in the sample from Bulgaria [9] . Besides, the composition of the essential oil, antioxidant and antimicrobial activities of different extracts [10] , and the presence of acacetin glycoside in the methanol extract of aerial parts of S. kitaibelii have been reported [11] . Antiradical activity of essential oils from different Satureja species with geranial and neral as major components, as well as p-cymene, was recently reported by Ortet et al. [12] , and Jordán et al. [13] .
S. kitaibelii is a very important plant in Serbian traditional medicine, especially for the treatment of respiratory diseases. These data, as well as the composition of the essential oil obtained from the aerial parts of this plant and the stability of its constituents, suggest that S. kitaibelii could be a new source of plant material with antiseptic properties. Furthermore, S. kitaibelii essential oil can be used for the formulation of drugs for the treatment of upper respiratory tract infections. Formulation of a lozenge containing the essential oil of S. kitaibelii herb was a part of this study, but consideration was also given to the composition of the essential oil during three years. Antimicrobial activities of essential oil and lozenge with essential oil were determined using a broth microdilution assay.
The aerial parts of S. kitaibelii yielded a high content of essential oil: 5.3% (v/w; sample 1; intense yellow); 3.2% (v/w; sample 2; intense yellow); and 3.3% (v/w; sample 3; light yellow), calculated on a dry weight basis. The chemical composition of the oils is summarized in Table 1 .
Thirty-nine components were identified in each sample of S. kitaibelii essential oil, representing about 87% of the oil. The composition of the oils obtained from the plants collected during three different years was qualitatively the Table 1 : Chemical composition of Satureja kitaibelii essential oils from three different years. a RI exp -Retention indices relative to C 9 -C 23 n-alkanes on HP 5MS; b Sample 1essential oil from S. kitaibelii collected in July 2006; c Sample 2 -essential oil from S. kitaibelii collected in July 2008; d Sample 3 -essential oil from S. kitaibelii collected in July 2010; e tr -trace (<0.1%).
same, but some quantitative differences could be seen. Monoterpene hydrocarbons were the major compounds (55.0%, 60.9% and 43.1%, respectively), the major ones of which were p-cymene, α-limonene, α-pinene and β-linalool. p-Cymene was the most dominant compound in all three oils (27.9%; 14.7% and 24.4%, respectively), which is in accordance with previous studies. γ-Terpinene was identified (11.6%) only in sample 2.
Endo-borneol, an oxygenated monoterpene, was in high amount in samples 1 and 3 (7.9% and 9.9%, respectively), while in sample 2, carvacrol was the major oxygenated monoterpene (7.1%). Sesquiterpene hydrocarbons and oxygenated sesquiterpenes were present in low amounts (about 9%) in all the analyzed oil samples. The major difference in the composition of the oils was in their content of γ-terpinene and carvacrol in sample 2, and terpinene-4-ol in sample 3. All tested essential oils showed very high and similar antimicrobial activities, no matter the difference in γ-terpinene and carvacrol contents. The results are summarized in Table 2 . The minimal inhibitory concentrations ranged from 0.097 μg/mL (C. albicans) to 25 μg/mL (Enterococcus faecalis). The oral preparation with S. kitaibelii essential oil was also highly active against S. aureus, Micrococcus luteus, Bacillus subtilis and Enterococcus faecalis (MIC 1.95 mg/mL), while the MIC of S. epidermidis was 0.097 mg/mL. Except for C. albicans, the excipients had a lower activity than the lozenge containing essential oil.
Our results are in accordance with previous studies, most of which revealed p-cymene as a dominant compound of S. kitaibelii essential oil [2, [4] [5] [6] [7] . In all our samples, p-cymene was the major compound. Also, the composition of the essential oils was mostly very similar qualitatively for the three years of testing. The major difference in the composition between oils was in the content of γ-terpinene (11.6%) and carvacrol (7.1%) in sample 2, and terpinene-4-ol in sample 3 (6.8%), but there was no difference in antimicrobial activity.
The exhibited antimicrobial activity of the essential oils was probably due to the synergism of the compounds, present, because the lack of antimicrobial activity of p-cymene and γ-terpinene has been reported previously, while carvacrol was strongly active [14] . α-Pinene, α-limonene, β-linalol and endo-borneol possess significant antimicrobial activity [15] [16] [17] , which is probably involved in the activity of the essential oil, as well of the lozenge.
The essential oil of S. kitaibelii, with geraniol as the major compound, was studied before using an agar diffusion method, which revealed moderate antimicrobial activity against the tested strains [18] . This was the first time that the minimal inhibitory concentrations were determined for S. kitaibelii essential oil using a broth microdilution method, as well as for a phytopreparation containing this essential oil. The antimicrobial activities of essential oils of different Satureja species have received much study, because of their very low minimal inhibitory concentrations [19] [20] [21] . The antimicrobial activity of the studied essential oil was very high with MIC values of 0.097-25 μg/mL, as well of the lozenge with 0.2% S. kitaibelii essential with MIC values 0.975-15.625 mg/mL. The relatively constant composition and strong antimicrobial activity of S. kitaibelli essential oil are promising for using S. kitaibelii as a new plant raw material with antiseptic properties. Identification of the compounds was based on comparison of their retention indices (RI), their retention times (RT), and mass spectra with those obtained with authentic samples and/or the NIST/NBS, Wiley libraries and literature. The linear retention indexes (RI) were determined in relation to a homologues series of n-alkanes (C9-C23) under the same operating conditions.
Experimental

Plant material:
The aerial parts of S. kitaibelii were collected in July 2006, 2008 and 2010 on Rtanj mountain (Serbia). The plant material was air-dried at room temperature for 3 days and the oil isolated from the herb (900 g) by hydrodistillation for 2 h using a Clevenger-type apparatus, according to the Ph. Eur. 6.0 [22] .
Gas chromatography-mass spectrometry (GC/FID and GC/MS):
Analysis of S. kitaibelii essential oil was performed by analytical GC/FID and GC/MS. For GC/FID analysis a Hewlett-Packard 5890-II gas chromatograph was used, equipped with a split/splitless injector, an automatic liquid sampler (ALS), a HP-5 fused-silica capillary column (25 m x 0.32 mm; 0.52-mm film thickness), and an FID. The injector was heated at 250 o C, the detector at 280 o C, and the column temperature was linearly raised from 40 o C to 280 o C at 4 o C /min, H 2 (1 mL/min) being used as carrier gas. Samples (1 mL) were injected in splitless mode using ALS.
GC/MS analysis was performed on a fused silica capillary column coated with HP-5 MS stationary phase (30 m x 0.25 mm I.D.; film thickness 0.25 μm). For these purposes, a Hewlett Packard 6890N-5975 GG/MS system was used operating in the EI mode at 70eV, equipped with a split/ splitless injector (200°C). The transfer line temperature was 250°C. Helium was used as carrier gas (1 mL/min). The injector and detector temperatures were 280°C. The thermal program was 60°C to 280°C at a rate of 3°/min; split ratio 1:10. The injected volume was 1.0 μL (10% nhexane solution of the oil). Electron-impact mass spectra (EI-MS; 70 eV) were acquired in the m/z range 40 -450. Relative percentage amounts were calculated on the basis of peak areas from GC/FID, without using correction factors. All tests were performed in Müller Hinton broth for bacterial strains and in Sabouraud dextrose broth for Candida albicans. Overnight broth cultures of each strain were prepared and the final concentration in each well was adjusted to 2 x10 6 CFU/mL for bacteria and 2x10 5 CFU/mL for yeasts. The essential oils were dissolved in absolute ethanol to a concentration of 50 μg/mL, and the lozenge and mixture of excipients to a concentration of 250 mg/mL. A serial doubling dilution of either the oils or lozenge was prepared in a 96-well micotiter plate. In the tests, triphenyl tetrazolium chloride (TTC) (Aldrich Chemical Company Inc. USA) was also added to the culture medium as a growth indicator. The final concentration of TTC after inoculation was 0.05%. The microbial growth was determined by absorbance at 600 nm using a universal microplate reader after incubation at 37°C for 24 h for bacteria, and at 25°C for 48 h for fungi. The MIC is defined as the lowest concentration of the essential oil at which the microorganism does not demonstrate visible growth. All determinations were performed in duplicate and 2 positive growth controls were included.
Preparation of the lozenge:
A simple oral preparation (lozenge) was made consisting of 0.2% S. kitaibelii essential oil. For this purpose, the essential oil collected in July 2010 was used. The excipients were sorbitol, PVP K-30 and Mg-stearate.
